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SUMMARY 
As an a i d  i n  assessinq the aerodynamic e f f e c t s  o f  b a t t l e  damage t h a t  might 
be sustained by m i l i t a r y  airplanes o r  miss i les,  several wind-tunnel invest iga-  
t ions have been performed a t  the Langley Research Center i n  which damage was 
simulated d i t h  models by the removal o f  a l l  o r  par ts  o f  the wing and t a i l s .  
Results o f  the -investigations i pd i ca te  tha t  the loss o f  a major p a r t  of the 
ve r t i ca l  t a i l  w i l l  probably r e s u l t  i n  the loss o f  an a i rp lane i n  any speed 
range. The loss of major par ts  o f  the hor izonta l  t a i l  genera l ly  r e s u l t s  i n  
catastrophic i n s t a b i l i t y  i n  the subsonic range but, a t  low supersonic speeds, 
and f o r  some planform conf igurat ions a t  subsonic speeds, may a l low s tab le  
f l i g h t  t o  the extent t ha t  the a i rp lane miqht re tu rn  t o  f r i e n d l y  t e r r i t o r y  
before the p i l o t  must e jec t .  The resu l t s  f u r t h e r  i nd i ca te  t h a t  major damage t o  
the wing, up t o  the po in t  o f  Lhe complete removal o f  one wing panel, and major 
damage t o  th2 hor izonta l  t a i l  may be sustained wi thout  necessar i ly  causing the 
loss o f  the a i rp lane o r  p i l ~ t .  
surfaces of various miss i les may r e s u l t  i n  catastrophic i n s t a b i l i t y  or ,  i n  
some instances, may permit an essen t ia l l y  b a l l i s t i c  f l i g h t  t r a j e c t o r y  t o  be 
maintained - the di f ference depending upon the l oca t i on  o f  the l o s t  surface 
w i th  respect t o  the m iss i l e  ce r te r  o f  g rav i ty .  
The complete loss o f  some o f  the aerodynamic 
INTRODUCTION 
As an a i d  i n  assessing the aerodynamic ef fects  o f  b a t t l e  damage that 
might be sustained by m i l  i t a r - r  a i rp lanes o r  missi les,  several wind-tunnel 
i nves t i ga t i o i s  have been PF 
damage was simulated w i t h  moaels by the removal o f  a l l  o r  par ts  o f  the wing, 
the hor i iont : l  t a i l ,  and the v e r t i c a l  t a i l .  The discussion i s  r e s t r i c t e d  t o  
the ef fects  of damage on s t a t i c  ar\r.odynaniic charac ter is t i cs  over a l i m i t e d  
angle-of-attack and angle-of-s idesl ip range, and no ettcrnpt was made t o  simul- 
wined a t  the Langley Research Center i n  which 
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taneously t r i m  the models about a l l  three axes. 
f o l d  purpose: 
combat evaluation; and (2) t o  serve as an a i d  'In determining the extent  of 
damage tha t  might be sustained and z t i l l  a l low an a i rp lane and/or m i s s i l e  t o  
re tu rn  t o  f r i e n d l y  t e r r i t o r y  o r  t o  complete a mission. 
gations thus fa r  completed may be found i n  references 1 t o  7. 
The inves t iga t ions  have a two- 
(1) t o  serve as an a i d  i n  determing the  " k i l l "  p r o b a b i l i t y  for 
Deta i l s  o f  some i n v e s t i -  
SYMBOLS 
l i f t  c o e f f i c i e n t  cL 
C r o l l  ing-moment c o e f f i c i e n t  
pitching-moment c o e f f i c i e n t  'm 
a C m / X L  long i tud ina l  s t a b i l i t y  parameter 
yawing-moment coe f f i c i en t  'n 
d i rec t i ona l  s t a b i l i t y  parameter 'n 
M Mach number 
a angle o f  at tack,  deg 
0 angle o f  s ides l ip ,  deg 






a i l e r o n  def lect ion,  deg 
hor izonta l  - t a i l  def lect ion,  deg 
rudder def lect ion,  deg 
Model components : 
B body 
W wing 
T t a i  1 
C canard 
DISCUSS I O N  
Typical types of simulated damage employed i n  these inves t iga t ions  are shown 
i n  f igures 1 t o  3 f o r  a swept-wing, t delta-wing, and a t rapeto ida l -wing a i rp lane.  
F a i r l y  extensive tes ts  were made of a nlodel o f  a swept-wing f i g h t e r  a i rp lane ( r e f .  
2 ) .  
wing damage. 
t o  simulate v e r t i c a l - t a i l  damage. 
Figure 4 shows the model w i t h  52 percent of the r i g h t  wing rem*& t o  s imulate 
Figure 5 shows the model w i t h  44 percent o f  the v e r t i c a l  t a i l  r m v e d  
2 
The e f f e c t  o f  wing damage or, the l i f t and long i tud ina l  s t a b i l i t y  of the  
The swept-wing f i g h t e r  model a t  a Mach number of 1.57 i s  shown i n  f igure  6. 
r e s u l t s  ind ica te  a progressive decrease i n  the l i f t - c a r v e  slope as the wing i s  
progressively remcved and a s l i q h t  reduct ion i n  the s t a b i l i t y  leve l .  The a i r -  
piane does remain s t a t i c a l l y  stable, however, and no d i f f i c u l t y  i n  t r imn ing  the  
p i t ch inq  moment should occur i f  the p i  tch-control  surface i s  operative. 
The e f f e c t  o f  h o r i z o n t a l - t a i l  damage on the l i f t  and long i tud ina l  s t a b i l i t y  
o f  the swept-wing f i g h t e r  model a t  a Mach number o f  1.57 i s  shown i n  f igure 7. 
Only a s l i g h t  decrease i n  l i f t - c u r v e  slope occurs as the h o r i z o n t a l - t a i l  surface 
area i s  progressively removed. However, a measurable decrease i n  the l o n y  (iwli- 
nal s t a b i l i t y  i s  ind icated as the t a i l  i s  retmvcc!, although the a i rp lane roi.lf'ins 
s t a t i c a l l y  s tab le when only  two- th i rds o f  the r i g h t  h o r i z o n t a l - t a i l  panel 
remains on the airplane. 
a i rp lane w i t h  the remaining p a r t  o f  thz  r i g h t  h o r i z o n t a l - t a i l  panel provided 
t h a t  the cont ro l  i s  operative. 
S u f f i c i e n t  C O R t r G l  power i s  ava i lab le  t o  t r i m  the 
The e f f e c t  o f  wing damage on the l a t e r a l  s t a b i l i t y  o f  the swept-wing 
f i g h t e r  model a t  a Mach number o f  1.57 i s  shown i n  f i g u r e  8. As might 
expected, a substant ia l  amount o f  pos i t i ve  r o l l i n g  moment i s  developed 
removal of  par ts  o f  the r i g h t  wing. The e f fec ts  on the yawing moment, 
are r e l a t i v a l y  small. Because o f  the p o s i t i v e  e f f e c t i v e  dihedral ,  the  




r o l  I i ng 
a side- 
s l i p  avgle o f  approximately 4'. 
these condi t ions,  the p o s i t i v e  e f f e c t i v e  dihedral  would be necessary t o  t r i m  
the r o l l i n g  moments, and rudder power would be necessary t o  provide the s i d e s l i p  
angle. 
provide the necessary s i d e s l i p  angle w i th  a rudder de f l ec t i on  of about 8'. 
Thus, f o r  the a i rp lane t o  remain f l yab le  under 
Other tests  ind ica te  t h a t  s u f f i c i e n t  yaw-control pGwer i s  ava i lab le  t o  
The e f fec t  o f  damage on the d i rec t i ona l  s t a b i l i t y  parameter Cn i s  shown 
These 
P 
i n  f i gu re  9 f o r  the sweep-wing f i g h t e r  model a t  a Mach number o f  1.57. 
resu l t s  i nd i ca te  tha t  wing damaGe and h o r i z o n t a l - t a i l  damage have l i t t l e  e f f e c t  
on the d i rec t i ona l  s t a b i l i t y  o f  the a i rp lane.  However, as par ts  o f  the v e r t i c a l  
t a i l  are removed, the d i rec t i ona l  s t a b i l i t y  reduces d r a s t i c a l l y  so t h a t  wi th 
44 percent o f  the v e r t i c a l  area removed, the a i rp lane i s  s t a t i c a l l y  unstable. 
Of  course, removal o f  the e n t i r e  v e r t i c a l  t a i l  would r e s u l t  i n  even greater  
i n s t a b i l i t y .  Conditions such as these which r e s u l t  i n  d i rec t i ona l  i n s t a b i l i t y  
3 
o f  the r i g h t  wing i s  removed and where the e n t i r e  r i g h t  wing i s  
asymnetry thus produced i s  ind icated by the s o l i d  f a i r e d  l i nes .  
ind ica te  the amount o f  a i l e ron  r o l l - c o n t r o l  power ava i l ab le  f o r  
20' and the rudder-control power ava i lab le  f o r  a rudder d e f l e c t  
the condi t ions shown, s u f f i c i e n t  r o l l -  and yaw-control power i s  
should have catastrophic e f fec ts  upon the f l y a b i l i t y  o f  the airplane. 
t i g a t i o n  o f  a delta-wing f i g h t e r  model ( r e f .  3) .  
requirements f o r  t h i s  f i g h t e r  model a t  a Mach number o f  1.41 and an a l t i t u d e  Of 
9.14 km i s  shown i n  f i gu re  10. 
the yawing-moment va r ia t i on  w i t h  s i d e s l i p  angle f o r  condi t ions where 32 percent 
The 
1 ines 
on o f  
For 
completely o f f s e t  the damage e f fec ts  even when the e n t i r e  r i g h t  wing i s  removed. 
Results a t  supersonic speeds f o r  a t rapezoidal  wing, t w i n - t a i l  a i rp lane wi th  
simulated wing and t a i l  damage ( r e f .  4)  a re  s i m i l a r  t o  those shown by the swept- 
wing and the delta-wing airplanes. 
a i rp lane wi th the hor izonta l  t a i l  on and o f f  i s  shown i n  f i g u r e  11. 
of the hoi rzonta l  t a i l  a t  subsonic speeds w i l l  genera l ly  r e s u l t  i n  a catast rophic  
unstable condi t ion.  
dynamic center w i t h  Mach number, a i rp lanes wi thout  hor izon ta l  t a i  1 s are  usua l ly  
s t a t i c a l l y  s tab le a t  supersonic speeds. Because o f  t h i s  charac ter is t i c ,  f l y i n g  
i n  a s tab le  condi t ion ( t r i m  cont ro l  unavai lable) wi th  the e n t i r e  hor izon ta l  
t a i l  off may be possible if f l i g h t  a t  low supersonic Mach numbers can be main- 
tained. Some resu l t s  ( re fs .  5 t o  7 )  i nd i ca te  t h a t  f o r  c e r t a i n  de l ta- type 
planforms, and a variable-sweep planform, l ong i tud ina l  s t a b i l i t y  might a l so  be 
maintained even a t  l o w  speeds ( f i g s .  12 and 13). Under such condi t ions,  t r i m  
could on ly  be expected t o  occur a t  r e l a t i v e l y  low angles o f  a t tack  o r  a t  l i f t 
condi t ions very near ly zero; however, the a i rp lane may possibly be flown under 
these condi t ions for  distances su f f i c i en t  t o  re tu rn  t o  f r i e n d l y  t e r r i t o r y  before 
the p i l o t  must e jec t .  Thus, the a i rp lane may be l o s t ,  bu t  the p i l o t  w i l l  be 
saved. 
The t yp i ca l  e f f e c t  of Mach number on d i rec t i ona l  s t a b i l i t y  f o r  conventional 
a i rp lane configurations i s  shown i n  f igure  14 f o r  the v e r t i c a l  t a i l  on and o f f .  
When the v e r t i c a l  t a i l  i s  removed, d i rec t i ona l  i n s t a b i l i t y  genera l ly  occurs 
A f a i r l y  complete study o f  cont rc ;  ef fect iveness was performed i n  the  inves- 
A sumnary o f  the con t ro l  
Results are shown f o r  the rolling-moment and 
t o  
A t yp i ca l  va r ia t i on  o f  the long i tud ina l  s t a b i l i t y  w i t h  Mach number f o r  an 
The loss 
However, because o f  the rearward s h i f t  o f  the  wing aero- 
removed. 
The dash 
a d e f l e c t  
on o f  20' 
ava i l ab le  
4 
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throughout the Mach number range, and des t ruc t ion  o f  the a i rp lane i s  almost 
ce r ta in  e i t h e r  a t  subsonic o r  supersonic speeds. 
wi thout t a i l  surfaces, the general resu l t s  o f  these tes ts  a re  s i m i l a r  t o  r e s u l t s  
f o r  the a i rp lane studies. 
however, ind icates a case wherein a subsonic c ru i se  m i s s i l e  might crintinue t o  
f l y  a l ong i tud ina l l y  s tab le  f l i g h t  path even w i t h  the  t a i l  surfaces removed. 
Under ce r ta in  conditions, such a cha rac te r i s t i c  might permi t  the m i s s i l e  t o  
maintain an essen t ia l l y  b a l l i s t i c  t r a j e c t o r y  and successful ly complete a mission. 
The long i tud ina l  charac ter is t i cs  for  two sur face- to-a i r  miss l e s  a t  M = 3 
are shown i n  f igure 16. One m iss i l e  has an a f t - t a i l  con t ro l  and the o ther  has 
a forward (canard) contro l .  Both miss i les become catast rophica l  y unstable i f  
the main wing i s  l o s t .  However, i f  only  the cont ro l  surface i s  l os t ,  both 
miss i les would be able t o  maintain a z e r o - l i f t  b a l l i s t i c  f l i g h t  path. 
Although only  l i m i t e d  studies o f  c ru ise  miss i les  have been made with and 
An in te res t i ng  example i l l u s t r a t e d  fn f i g u r e  15, 
CONCLUDING REMARKS 
I n  conclusion, the resu l t s  of the inves t iga t ions  thus f a r  i nd i ca te  t h a t  the 
loss o f  a major pa r t  o f  the v e r t i c a l  t a i l  w i l l  r e s u l t  i n  the  loss o f  the  a i rp lane 
i n  any speed range. The loss o f  major par ts  o f  the  hor izonta l  t b .  1 may r e s u l t  
i n  catastrophic i n s t a b i l i t y  i n  the subsonic range bu t  a t  low-supersonic speeds, 
and f o r  some planform conf igurat ions a t  subsonic speeds, may a l low s tab le  f l i g h t  
t o  the extent that an a i rp lane might re tu rn  t o  f r i e n d l y  t e r r i t o r y  before the 
p i l o t  must e j e c t  because o f  lack o f  p i t c h  contro l .  The r e s u l t s  f u r t h e r  i n d i c a t e  
tha t  major damage t o  the wing, up t o  the p o i n t  of the complete removal o f  one 
wing and m a j o r  damage t o  the hor izonta l  t a i l  may be sustained wi thout  necessar i ly  
causing the loss of the a i rp lane or p i l o t .  The complete loss  o f  some o f  the 
aerodynamic surfaces of various miss i les  may r e s u l t  i n  catastrophic i n s t a b i l i t y  
or, i n  some instances, may permit an essen t ia l l y  b a l l i s t i c  f l i g h t  t r a j e c t o r y  t o  
be maintained - the difference depending upon the l oca t i on  of the l o s t  surface 
w i t h  re5pect t o  the m iss i l e  center of g rav i ty .  
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